In recent years many researchers show a high interest in co-digestion, simultaneous anaerobic decomposition of a homogenous mixture of at least two biodegradable waste. Anaerobic codigestion is reported to offer several benefits over digestion of separate materials, such as increased cost-efficiency, increased biodegradation of the treated materials, as well as increased biogas production. Most often sewage sludge is digested alone while co-digestion with other substrates could be beneficial. In this study, the feasibility of co-digestion sewage sludge and grease trap waste (GTW) from meatprocessing plant was investigated in lab-scale reactor experiment. The research was made on the sewage sludge coming from municipal wastewater treatment plant and grease trap waste coming from meat industry company. Anaerobic co-digestion was studied in semi-continuous experiment at 37 o C. Feeding of reactors was performed once a day with hydraulic retention time (HRT) of 10 days. The grease trap waste accounted for 2, 4, 6, 8 and 10 % of the mixture on the volatile solids basis. The mixtures were analyzed for the following parameters: total solids, volatile solids, pH, volatile fatty acids and long chain fatty acids (LCFAs). The control of digestion process was made every day on the basis of the measurement of the biogas production. What is more, there was determined the volatile solid removal as well the biogas yield in order to assess the efficiency of co-digestion process. It was found that co-digestion of sewage sludge and grease trap waste improved both biogas production and methane content. Grease trap waste addition of 10% of feed VS increased the biogas production by 16 % as well as methane concentration (72 % of biogas) compared to the period when reactor was feed only with sewage sludge. Moreover, the addition of GTW to the anaerobic digestion of sewage sludge increased organic matter removal. Although, the significant variations in LCFAs reduction, the biogas production and methane yield increased with higher addition of GTW. The results of the present laboratory study revealed that the use of GTW as a co-substrate is considered to be interesting option for sewage sludge digestion due to increased methane production. However, the feed should be planned carefully with stepwise increase to the desired feed ratio in order to acclimatize the bacteria and to prevent reactor overloading.
INTRODUCTION
Co-digestion has been defined as the anaerobic treatment of a mixture at least two different substrates with the aim of improving the efficiency of the anaerobic digestion process. Anaerobic codigestion is reported to offer several benefits over digestion of separate materials, such as increased cost-efficiency, increased biodegradation of the treated materials, as well as increased biogas production. There is abundant literature about the utilization of co-digestion, such as co-digestion of organic fraction of municipal solid waste (OFMSW) and agricultural residues, organic solid wastes and sewage sludge or more specific wastes. Most often sewage sludge is digested alone while codigestion with other substrates could be beneficial. Co-digestion of different substrates and sewage sludge could be beneficial due to dilution of inhibitive substances, improved nutrient content (ammonium nitrogen, potassium, phosphorus, calcium, magnesium) and synergistic effect between the treated materials resulting in better degradation of both (Malta-Alvarez et al., 2000) . While anaerobic co-digestion has been studied and practiced for a broad range of organic wastes, few studies have been conducted on the co-digestion of municipal waste sludge (MWS) with grease trap waste (GTW) as a co-substrate. Grease trap waste comprises of greasy materials separated from wastewater. GTW is an animal by-product (ABP) when produced in meat processing plants. Therefore hygienization treatment is required for ABPs (1069/2009) to eliminate pathogens from the treated material.
The primary components of GTW are essentially spent fat, oil and grease with associated solids and debris. Treatment of GTW in conventional aerobic processes presents a challenge to wastewater treatment facilities mainly because of its slow biodegradation kinetics, high oxygen demand, and risks of pipeline blockage. The use of GTW alone as a substrate for anaerobic treatment also remains difficult with large variations in waste characteristic and inhibitory effects due to high lipids content. Thus, co-digestion with sewage sludge offers the most attractive possibility.
The GTW contain remarkable amount of grease, with a high methane potential; however its degradation products (long chain fatty acids) could inhibit the process when a high concentration is presented (Luste et al., 2008) . During fermentation process lipids are initially hydrolyzed to glycerol and long chain fatty acids (LCFAs), which are further converted to hydrogen and acetate, and finally to methane. The degradation of LCFAs take place through β-oxidation pathway, which has been reported as the rate-limiting step of whole anaerobic digestion process (Lalman and Bagely, 2000) . The effect of LCFAs on the methanogenic and acetogenic microorganisms are widely documented (Hanaki et al., 1981; Koster and Cramer, 1987, Rinzema et al., 1994) . The inhibitory effect is known to both syntrophic acetogenes and methanogenes, although acetoclastic methanogenes are apparently more affected by the presence of LCFAs (Hwu et al., 1998) . Adsorption of LCFAs onto the microbial surface has been suggested as the mechanism of inhibition due to influence on the transport of nutrients into the cell (Pereira et al., 2005) . However many authors showed that inhibition by LCFAs is not permanent and the adaptation of microorganisms to lipids can occur (Broughton et al, 1998; Alves et al., 2001; Pereira et al., 2004; Nielsen and Ahring, 2006; Palatsi et al., 2009) . It is not clear whether this adaptation process is the results of population adaptation or physiological acclimatation.
In this study, the feasibility of co-digestion sewage sludge and grease trap waste from meatprocessing plant was investigated in lab-scale reactor experiment at 37 o C.
MATERIALS AND METHODS

Materials
Sewage sludge and inoculum (digested sewage sludge) for all experiments were obtained from municipal wastewater treatment plant (Silesian Region, Poland). Grease trap waste was from a meat processing plant (Silesian Region, Poland) specializing in meat cutting (cows and pigs) and production of different meat products. The GTW was frozen at -25 o C during experiment period in a laboratory freezer and thawed before use. Co-digestion mixture was stored in plastic buckets, and kept at 4 0 C prior to use. Feed mixtures of sewage sludge and grease trap waste were prepared daily. The co-substrates were completely mixed by a motor driven mixer for 30s before feeding. To evaluate the potential of GTW as a co-substrate for the anaerobic of sewage sludge, the characteristic of GTW were analyzed and compared to those sewage sludge, co-substrates mixtures as well as the inoculums material (Table 1 ). The GTW was characterized by a high organic matter concentration compared to sewage sludge.
Oleic, palmitic and stearic acids were the most abundant LCFAs in GTW, representing 53%, 29% and 16% of the total long chain fatty acids, respectively (Table 2 ). Myristic and arachidic acids were also present in minor quantities. 
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Reactor experiment
Reactor experiment was conducted in a glass reactor with a liquid volume of 5.5 l at 37 o C with constant mixing at 180 rpm by a mechanical stirrer (Figure 1 ). The temperature was controlled by a thermostatically regulated water bath. Biogas exited at the top of the reactor via tube for gas sampling. The rector was connected to PVC tube filled with water acidified to pH 3 and biogas was collected by displacement of water. The reactor was operated in draw-and fill mode (on a daily basis) with retention time of 10 days. Initially the reactor was inoculated with anaerobic sludge from WWTP. The digester operated with a sewage sludge as a feed during 30 days.
In a second part of experiment reactor was fed with mixture of sewage sludge and grease trap waste. The grease trap waste accounted for 2, 4, 6, 8 and 10 % of the mixture on the volatile solids (VS) basis.
Analytical methods
Total solids (TS), volatile solids (VS), pH (pH meter Cole Parmer Model No. 59002-00), alkalinity and total volatile acids (VFAs) (steam distillation -BÜCHI K-355) were determined according to APHA (1999) standard methods. (5) pH, redox meter, (6) gas sampling port, (7) heating jacket, (8,9) gas flow measurement
Biogas production was measured each day by the liquid displacement method (acidified saturated NaCl) and the methane percent in biogas was analyzed in a portable gas analyzer (GA 2000, Geotechnical Instruments (UK) Ltd.). All gas results are calculated at standard temperature and pressure.
LCFAs ( 
RESULTS AND DISCUSION
After 10 days of batch assays, the reactor was feed with sewage sludge at low concentration (TS~2.8%) maintain organic loading rate (OLR) of around 2.2 g VS l -1 d -1 (Table 3) . The low reduction in VS (average 44 %), as well as high values of VFA in the beginning of that period are related to the acclimation of microorganisms during the start-up period (Ahring, 1994) . The concentration of VFA has been found to be a very good indicator of the metabolic status of anaerobic degradation process (Fernandez et al., 2005 ). An initial increase of VFA is typical for start-up of anaerobic process when the balance of the hydrolytic bacteria, fermentative bacteria and methanogenes has not stabilized yet (Hartmann and Ahring, 2005) . During the next stages the concentration of VFAs gradually declined as did the pH.
One of the criteria for evaluation of digester stability is the VFA:alkalinity ratio. There are three critical values for this (Callaghan et al., 2002) : <0.4 digester should be stable; 0.4-0.8 some instability will occur; >0.8 significant instability of digester. At the beginning of the process, when the sewage sludge was being digested alone (days 10-40), the ratio was in the 0.3-0.6 range. When GTW was being added to the feed, the VFA:alkalinity ratio did not rise above the critical value of 0.4. Moreover, N-NH 4 + concentration decreased in the effluent up to 500 mg L -1 for 8% GTW addition and next increased slowly for higher waste dose (Figure 2) .
Figure 2. Variation of ammonium nitrogen concentration in the effluent in co-digestion
The average values of the methane production in co-digestion experiment are presented in Table 4 . Daily biogas production by digestion of sewage sludge alone and the co-digested wastes varied between 6.006 L d -1 and 9.045 L d -1 depending to the substrate composition. Co-digestion of sewage sludge and grease trap waste improved both biogas production and methane content. The highest daily methane production was 9 l d -1 obtained for the last stage (days 89-96). Grease trap waste addition of 10% of feed VS increased the biogas production by 16 % as well as methane concentration (72 % of biogas) compared to the period when reactor was feed only with sewage sludge.
Methane production potential of GTW is higher and accordingly, methane yield during the codigestion was increased as compared to digesting sewage sludge alone (Figure 3) . Variation of biogas yield was due to fluctuation in OLR caused by changing of VS content in sewage sludge.
Still, in comparison with the results of Davidsson et al. (2008) and Luostarinen et al. (2009) (see Table 5 ) specific methane yield from sewage sludge as well as VS reduction was presently lower in spite of lower OLR. Adding 10% grease trap waste on VS basis, specific methane yield increased by 9-14% in Davidson et al. (2008) and by 14÷16% in the present study. VS removal were approximately 55% in both. The difference could be explained by different HRT as well as study scale. Because Davidsson et al. (2008) worked in pilot scale, a full scale experiment should be performed in order to verify the present results. Likewise, Luostarinen et al. (2009) adding 5% grease trap waste reported specific methane yield increase by 35 % and higher VS reduction. Figure 4 presents the evolution of the LCFAs in the effluent during co-digestion process. Palmitic acid was the most abundant LCFAs in the period studied, and the similar concentration profile was observed for oleic acid. The concentration of stearic acid was always lower. During batch assay (days 1-10) the concentration of LCFAs significantly decreased. The lowers LCFAs concentration was observed on day 50. Then there was significant increase in this acids concentration up to 66 day as well as significant decrease of LCFAs removal efficiency (see Figure 5 ) due to high LCFAs content in feed. During next few days LCFAs in effluent slightly dropped which correlated with those better removal in anaerobic process. Between days 78 and 82 LCFAs increased significantly while removal efficiency decreased to the lowers level of the studied period, about 10 % for C16:0 and C 18:0 and under 65% for C 18:1, respectively. During the next day LCFAs decreased which correlated with lower acids concentration in the effluent. Although, the significant variations in LCFAs reduction during studied period was observed, the biogas production and methane yield increased with higher addition of GTW. It can be explain by the fact that LCFAs were present at concentration below the ranges for which inhibition of anaerobic digestion has been reported.
CONCLUSIONS
In this study anaerobic co-digestion of waste from grease traps and sewage sludge was successfully performed in laboratory continuous digestion test. It was found that co-digestion of sewage sludge and GTW improved both biogas production and methane content. Grease trap waste addition of 10% of feed VS increased the biogas production by 16 % as well as methane concentration (72 % of biogas) compared to the period when reactor was feed only with sewage sludge. Moreover, the addition of GTW to the anaerobic digestion of sewage sludge increased organic matter removal.
Although, the significant variations in LCFAs reduction during experiment was observed, the biogas production and methane yield increased with higher addition of GTW.
It is also possible that a longer study period would have allowed for more biomass adaptation and restoration of higher methane production.
These results could provide valuable information for future experiments on the application of another biodegradable waste to increase the biogas production by co-digestion process.
